Melatonin, the pineal gland hormone, has been considered as a central hypotension factor. However their roles in the regulation of the human blood pressure and its possible use as antihypertensive drug have not been fully determined. The objective of this trial was to determine the effect of melatonin on blood pressure morning increase and a peripheral vasoconstriction challenge in healthy volunteers. Twelve healthy male volunteers were included in a prospective, comparative, randomized, crossover trial in which changes on blood pressure (BP) and heart rate (HR) after the first morning orthostatism and endovenous norepinephrine (NE) infusion were measured one hour after the administration of placebo (PL) or 10 mg of melatonin in double blind conditions. Melatonin blunted the effects of the first orthostatism on BP and HR. Melatonin also reduces the pressor effect of NA. One concludes that melatonin has central and peripheral hypotensive effects that support a potential role of this hormone in cardiovascular therapeutics.
Introduction
Melatonin is the major pineal secretion; it has been related to blood pressure control and in several experimental [1] [2] and clinical trials it has demonstrated antihypertensive effects [3] [4] . Their hypotensive effects may be central [5] and peripheral [6] which have been proved in several experimental trials. However their effects on central physiological activation of adrenergic system after first morning orthostatism and its effects on peripheral responses to adrenergic influence have not been evaluated in humans. Because it is necessary to evaluate the effect of the hormone on the blood pressure morning surge and on the norepinephrine pressor effect in order to determine the level of the antihypertensive actions of melatonin in humans.
Methods
Twelve healthy volunteer men were included in a prospective, randomized, comparative, crossover, placebo controlled, double blind trial in which each subject served as both an experimental subject and control. Their characteristics are shown in Table 1 . All the subjects had normal laboratory (haematological citometry; serum glucose, creatinine, urea and uric acid; urinalysis) and EKG values. None of the volunteers had parental history of hypertension and they were selected from 29 subjects aged 18 to 35 years after three stressor stimuli: orthostatism, cold water vasopressor stimulus and mathematical stress. The volunteers with diastolic blood pressure elevations ≥90 mm Hg in response to stress were discharged from the study.
First Morning Standing Effects
Volunteers were interned in a clinical research unit on day −1 at 18:00 h, they were asked for medical history and they were subjected to physical examination, a standardized meal was administered at 20:00 h followed by a sleep period from the 23:00 to 07:00 h of day 1. At this time volunteers were waked up to receive 10 mg of melatonin o placebo, but they stayed in supine position. At 8:00 three supine blood pressure measurements were carried out and immediately they assumed the standing position and blood pressure was measured each 30 seconds during ten minutes. Treatments were crossed in double blind conditions one week after.
Norepinephrine Infusion Effects
In other two experimental sessions procedures were repeated but volunteers stayed in supine position to receive an endovenous infusion of norepinephrine at three progressive doses: 6.6, 8 and 9.3 mcg/min lasting three minutes each. Infusion was stopped at 9 minutes or when a 30 mm Hg systolic blood pressure increase (SBP) was reached. Blood pressure measurements were made with a validated Omrom HEM-601 wrist electronic device [7] .
Statistical Analysis
Descriptive statistics with mean and standard deviation were carried out. To compare means of continuous variables paired student "t" test was made. To analyze differences in categorical variables chi square test was calculated. To compare temporary changes on blood pressure respect to control values variance analysis with Dunnet "t" test were carried out. P values < 0.05 were considered statistically significant.
Ethical Considerations
The study was approved by our Internal Ethics Committee and it was conducted in agreement with the last revision of Helsinki's Declaration, the Good Clinical Practices and the International Conference of Harmonization. Table 2 and Figures 1-3 show the blood pressure (BP) and heart rate (HR) values during the first morning orthostatism stimulus. The change of position induced an increase in SBP and DBP that reaches its maximum in the first measurement after standing; it was made between 30 and 45 seconds after orthostatism. There is a progressive decrement en BP until five minutes when it tends to stabilize but remains 10 mm Hg for SBP and 5 mm Hg for DBP above supine values. HR had a maximum increment during first seconds after standing with a fast lowering and stabilization approximately 20 beats above the supine value. Melatonin blunted the initial SBP, DBP and HR increments and maintained BP below placebo values during ten-minute orthostatism. Figure 4 illustrates the area under the curve (AUC) of BP and HR response to first morning orthostatism under melatonin and placebo influences. It shows that melatonin administered one hour before standing blunted the SBP and DBP responses without any changes on HR orthostatic increment. During norepinephrine (NE) with placebo all subjects but one reached the security delta of 30 mm Hg increase in SBP. Two volunteers required less NE dose to reach the SBP delta with placebo and seven did it with melatonin; two of them did not reach the 30 mm Hg increase during whole infusion. The only one subject that did not reach the SBP delta with placebo neither did it with melatonin. Blood pressure values obtained during NE infusion were lower with melatonin respect to placebo and there were two volunteers with decreasing SBP values respect to control. Table 3 illustrates NE dose, total volume infused and lasting time of infusion for each volunteer under both placebo and melatonin. It shows that melatonin induced an increment in NE dose, volume and time of infusion to reach the SBP goal. In Figure 5 one observes the AUC of the NE dose needed to reach the SBP 30 mm Hg delta; it shows that melatonin induced a significant increase in NE requirement to achieve the BP goal.
Results

Discussion
Although several mechanisms have been postulated to explain the descent of the BP caused by melatonin [8] , it has not been explored sufficiently the level of their antihypertensive effect in humans. Our data show that melatonin blocks the elevation of the BP and the HR in response to the first morning orthostatism. It is well known that patients who experience surges of blood pressure after arising are at risk for stroke and likely other cardiovascular events [9] . Sudden activation of the sympathetic nervous system is the primary mediator of the morning surge. Increased-mediated sympathetic vasoconstriction has been found in normal subjects [10] . Whereas arousal from sleep is associated with a slight rise in plasma epinephrine, arising induces a significant rise both in epinephrine and norepinephrine [11] . The circulatory adaptation to the orthostatism is a sympathetic reflex integrated at central level in the nuclei of the pressor rostral ventrolateral area of the oblongate medulla, which when liberated of the inhibition exercised by the baroreceptors increases the noradrenergic outflow leading to: increase of the heart frequency, liberation of catecholamines from the adrenal medulla, descent in the venous compliance and increase of the peripheral vascular resistances; all this leads to elevation of the BP dedicated to maintaining an appropriate cerebral blood flow. The fact that melatonin reduces as much the BP as the HR after the first morning orthostatism suggests a central antihypertensive action by inhibition of the sympathetic tone of the medullar vasopressor centers. The endovenous infusion of low dose of norepinephrine causes stimulation predominantly of type α-adrenergic, which produces an increment of the peripheral resistances and an increase of the blood pressure. Melatonin administered one hour before beginning the infusion of NE reduces the pressor effect of this amine; this suggests an action at peripheral level; this vasodilating action has been previously described especially in diverse experimental models in those that have been demonstrated that melatonin reduces the vasoconstriction induced by pressor agents, specially of those whose effect depends on increasing the citosolic Ca in the vascular smooth muscle [12] . Melatonin has not been demonstrated effects through adrenergic receptors, and rather the experimental evidence suggests a basal sympathetic inhibition and intracellular effects of the hormone [13] ; one of them is the antagonism that the melatonin exercises on the calmoduline, enzyme that regulates varies of the intracellular actions of the calcium and that in the vascular smooth muscle it is essential for the activation of the myosin light chain kinase, which is a necessary requirement for the interaction of this contractile protein with actine; this myosin light chain kinase may be activated by oxidized low-density lipoprotein (LDL) and melatonin has demonstrated in human vascular endothelium cells cultures that it can prevent this activation [14] . Another possible mechanism is the anti-oxidant effect of melatonin, demonstrated in models of damage to the DNA for oxygen free radicals [15] and also in models of endothelium dysfunction and LDL oxidation where it is recognized with more force the importance that oxygen and nitrogen reactive species have on the vasodilating function of the vascular endothelium [16] . Another possibility is the indirect inhibition that melatonin has on phosphodiesterase [17] what would increase the levels of GMPc in the vascular smooth cells causing peripheral vasodilatación. Melatonin has proven antioxidant effects on NE induced lipid peroxidation along with an elevation of NO and cyclic GMP levels in endothelial cells [18] .
They lack several aspects to study before establishing the utility of the melatonin as antihypertensive therapy. The first one is to know if the results reported in this study are reproducible in "hyper-reactive" or "prehypertensive" subjects. The second is to know if the hypertensive patients have a pattern of similar response to melatonin. And the last is to elucidate the best dose and the appropriate time of melatonin administration, as well as to settle down if the hormone can be used as monotherapy or in combination with other antihypertensive drugs. However our trial shows that melatonin is able to blunt the natural sympathetic arising of the first morning orthostatism and to reduce the pressor effects of NE in pharmacological conditions. This confers to the hormone's potential use as a treatment for cardiovascular pathologies.
